Material Sciences #1£}R}22, 2019, 9(11), 993-1000 Hans X
Published Online November 2019 in Hans. http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2019.911123

Study on the Preparation and Shear
Thinning Properties of Non-Newtonian
Fluid Mold Flux

Kaixuan Zhang!, Zhipeng Yuanz, Shuidong Ma3, Bin Xu3

1Tangshan Key Laboratory of Special Metallurgy and Material Manufacture, College of Continuing Education,
North China University of Science and Technology, Tangshan Hebei

’Hebei Province High Quality Steel Continuous Casting Engineering Technology Research Center, Key
Laboratory for Advanced Metallurgy Technology, College of Metallurgy & Energy, North China University of
Science and Technology, Tangshan Hebei

3College of Continuing Education, North China University of Science and Technology,

Tangshan Hebei

Email: zhangkaixuan0502@163.com

Received: Oct. 31%, 2019; accepted: Nov. 14", 2019; published: Nov. 21%, 2019

Abstract

Most traditional mold fluxes are Newtonian fluids, and their constant viscosity has certain limita-
tions in continuous casting. A new non-Newtonian fluid mold flux with shear-thinning behavior is
required to satisfy the mold-flux performance requirements for high-speed continuous casting.
The addition of a certain amount of B0z or SizN4 to a Ca0-Si0,-Na;0-based mold flux can result in
a shear-thinning property. In this paper, the preparation of non-Newtonian fluid mold flux and the
detection of the microstructure of the mold flux were studied, and the reason for the shear thin-
ning property was tried to be explained in a deeper level.
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2. SCIEERS
2.1. ERRIFERNSIZ

B, ¥ CaO. SiO,. Na,0. ALO;. MgO. CaF,. Li,O P27 70 #r4ti(99.7%) 1 2% — & Ll
BA, FFE 1573 K FIEIR 30 mine #RJ5, Bl & 4 AR I R RE B o bR T, 75 31 5 B B AR I AR 3
. o, MR EAREE AT B AT B, SRR 4N 200 H DLF BRI R K . B4
Ca0-Si0,-Na,0 R IEEA R4 = A-1 Wk .

2.2. EHRERIPENSIE

[ 45 3 125 -1 W EETR 2 BN 8%, 10%, 13%, 18%M B,O5 (Z0#r4l), HR&HS) . F EikFE
FERI LRI SR, MR R B0, SRS, KUK HE N B-2. B-3. B-4. B-5 ikFf. [A
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Table 1. Main chemical composition of the mold flux sample after pre-melted (wt.%)

%= 1. TBERFRPEREEZENER T (Wt.%)

R Ca0 Si0, AlLO; MgO Na,O CaF, B,O; SisN,
H-1 38.66 35.13 3.84 3.26 10.70 8.41 — —
B-2 36.40 33.07 3.62 3.07 10.06 7.92 5.86 —
B-3 35.75 32.49 3.55 3.01 9.90 7.78 7.52 —
B-4 34.91 31.72 3.47 2.94 9.66 7.59 9.71 —
B-5 33.31 30.27 331 2.81 9.22 7.25 13.83 —
N-6 38.56 35.04 3.83 3.25 10.67 8.38 — 0.27
N-7 38.42 34.92 3.82 3.24 10.64 8.35 — 0.61
N-8 38.34 34.84 3.81 3.23 10.61 8.34 — 0.83
N-9 38.00 34.53 3.77 3.20 10.52 8.26 — 1.72

AT HRRTLUE Y, LR GRS R 5 AT 1 BoOs B SiaN, BT IR, BHIfE]
#IIFEF ByOs SNy BRMIE A T 1. NI T4s R LA & RO

2.3. HENERHM RAE T

KA RTW-13 BUSARY 25 DA E 1 FTR)HAEE 1~9 BT AR 55 38(50+ 100 150+ 200 r/min)
TN RIF A

Figure 1. RTW-13 rotational type viscometer
B 1. RTW-13 BRI LR G L
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Figure 2. (a) Schematic diagram of the viscosity change of B-based mold flux sample with shear rate change; (b) Schematic

diagram of the viscosity change of N-based mold flux sample with shear rate change
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Table 2. The shear thinning ratio of mold flux
2. RIPBHYITHE

A -1 B-2 B-3 B-4 B-5 N-6 N-7 N-8 N-9
B A 0.00050 0.00096  0.00098 0.00104 0.00094 0.00071 0.00090 0.00119 0.00107

HEE 2 WTRAE H, 2 E-1 SRR TI A M Z RD, 9 0.00050; & B RERSET, B-4 BRI TITIAL
MiZedg K, 90.00104; & N RIRFES, N-8 AR BT EH A, 4 0.00119.

BeAt, B-4 AEEARBT A, B =18 Is i, HBEEETA-1 AN, EmiiihdE=x,
Bl =70 1/s i, HFEE BT 2 A-1 0, mleatigi, FMAORmasRmmmE. m N-8 mlFEER
By, M =18 s i, HFEEWRSETEA-1IRE, AMPIEEE, ReatEhiia; £
Vi, W =70 Us I, HEFHES S A-1 AR

3.2.XPS EES#

B ORY B T RERR SRS AR, WA M IR TT, T LANEE S5 4G 7 SO . AR SRR,
FEES PO EOR 4, B— MEETAET 4 MEABE TIREZ R, MR E D& Sio;, X FhPU i 4
SEARY A P AR BT . A SOR A XPS SRS X RS M BEAT 04T, N T R S IR R X 4%
iRl . B R SRR TR (£ B AT, XPS [ B/ A& i L 5 04 4 i AR
3 tH[10].

3.2.1. & B RIPFE XPS HiR
KH XPS X B-2. B-3. B-4. B-5 HRHllc R A TTR 7 AT 0, MRS R anlsl 3 pr
Ny
M 3 AL, B 1s MIUEAE EE AL 192 eV, O Is M FE M PIE 531.8 eV, Hi B 1s A%
MR E R SA R B R TFIWE, 11 O 1s AR IR R E LM h & AR AN EE . Roh, E®E
HB,0; FrE RGN, B 1s 5 O 1s XM AR ZET A 4 F2 80, X 5 B2 RO R AR 26 1k & P 1040
MRS TINARSS &, S B0 S AR R4S S e .
M3 AGE R DU i, B B,Os & &GN, RYE 1 B ST Z0E#THE N, (R T AEMT(O Ls)
SRR EI N, BEEMIE AR, 2 B0 B REAE 0%~9.71% AL, B,Os fE R R Z H LA
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Figure 3. (a) Schematic diagram of XPS peak value of B 1s with dif-
ferent content of B,0s; (b) Schematic diagram of XPS peak value of
O 1s with different content of B,O;
& 3. (a) FEE B,0; 2R B 1s ) XPS IE{ETHREE; (b)
hEE B,0; S =MAE O 1s B XPS IEET L REE
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Figure 4. (a) The schematic diagram of peak value change of N 1s with
different nitrogen content in silicate network structure; (b) The sche-
matic diagram of peak value change of O 1s with different nitrogen
content in silicate network structure

4. (a) FEERBREMEENPTRATESENTEN IsHIEET L
TEE; (b) BERRENEZGEHPRATEIENRE O 1s FIIEE
TREE

ME 4 R PLE B N 1s FIEE T E B IE 399 eV, O 1s FIEEEERIAE 5312 eV, HA N Isft
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